Two complexes have been synthesized through the reaction of copper(II) acetate dihydrate with 4,4´-bipyridine. Both were characterized by elemental analysis, magnetic moment, FT-IR spectroscopy, and thermogravimetric analysis. Semiempirical structural DFT studies of [Cu 2 (CH 3 COO) 4 (4,4.bipy) 2 ] n and 4,4´ bipyridine were carried out.
INTRODUCTION
Metal complexes with carboxylates and nitrogen ligand are the subject of particular interest due to their biochemical importance. Several studies of copper(II) acetate complexes with nitrogen ligands, such as pyridine, aminopyrimidine, bipyridyl, and nicotinamide, have been reported. Instead of forcing dissociation of the dinuclearCu 2 (CH 3 COO) 4 units, these ligands simply replace bound water molecules, causing only small changes in the CuCu distances ( Figure 1 ) [1] [2] [3] [4] . Similar behavior has been found with polymeric ligands containing nitrogen functional groups [5, 6] .
The imidazole ligand has been reported to force dissociation of the Cu 2 (CH 3 COO) 4 unit, resulting in a square planar copper(II) complex that exhibits anticancer properties [7] .
Reactions with carboxylic acids, such as poly(DL-aspartic acid), cause the loss of an acetate group from Cu 2 (CH 3 COO) 4 [8] .
ligands [10] . However, in MeCN or ethanol, a dimeric[Cu 2 (O 2 CMe) 4 (bipy) 2 ]·2 H 2 O compound with two bridging acetates, two monodentate acetates and two bidentate 2,2-bipy ligands was obtained [11, 12] .
The 4,4´-bipyridine ligand is very interesting due to its capacity to behave as a bifunctional ligand. This bifunctionality allows the ligand to coordinate to two metal centers, enabling the formation of polymeric coordination compounds.
The preparation of Cu(II) complexes with salicylate and 4,4´-bipyridine ligands was carried out in different solvents, giving polymeric complexes of the general formula [Cu(Hsal) 2 (4,4-bipy) n ], with different structures [13] .
The aim of this manuscript is to describe the interaction of 4,4´-bipy with copper(II) acetate monohydrate. FT-IR spectra were recorded on a Nicolet Magna 550 and a Nicolet Nexus spectrophotometer. Magnetic susceptibility measurements were performed at room temperature on a Sherwood Auto Magnetic Susceptibility Balance by the Gouy method usingHg[Co(SCN) 4 ] as the calibration standard. From the observed susceptibility, the magnetic moment (μ eff ) was calculated using the In a recent study [9] , we reported the reaction of copper(II) acetate monohydrate with 1,3-thiazol, yielding a compound wherein the 1,3-thiazol replaces the water molecules without inducing significant changes to the original magnetic moment of copper(II) acetate dihydrate (1.4 B.M). Thermogravimetric analysis was carried out on a Netzsch model TG 209 F1, Iris. High quality N 2(g) was used at a flux of 250 mL/ min.
EXPERIMENTAL

Materials
Quantum Chemical Calculations
Quantum DFT calculations were performed using the GAUSSIAN98 package. Becke's three-parameter hybrid functional B3LYPand LANL2DZ basis augmented with d-polarization functions on heavy atoms were applied for the complexes. The ligands were studied at the B3LYP/6-31G (d,p) level. The compounds were createdusing the HyperChem software.
RESULTS AND DISCUSSION
According to the elemental analyses of the synthesized compounds, Cu 2 (CH 3 COO) 4 (4,4-bipy) 2 4 . The formation of the resultant polymeric structure is facilitated by the capacity of the bipy ligand to act as a bifunctional bridge between two metallic centers, leaving the acetate groups coordinated to the metal in a monodentate fashion (see Figure 2) . . This Δυ is higher than the Δυ of sodium acetate, which has a value of 164 cm -1 ; therefore, monodentate coordination seems likely (see Table 1 ) [14] . 2 the observed magnetic moment of 1.4 B.M. is related to the close proximity of the two copper(II) ions (2.64 Å). The precise mechanism of this interaction is not clear; it may involve a direct copper-copper bond or a super exchange mechanism via the bridging acetate ligands [15, 16] .
Compounds wherein the core Cu 2 (CH 3 COO) 4 unit is maintained tend to show abnormally low magnetic moments, such as [Cu 2 (CH 3 COO) 4 2 ] n loses two water molecules at 46.7ºC, two 4,4´-bipy molecules at 238.2ºC, and four acetate ions at 260ºC (see Figure  3) . The N-C and C-C bond lengths of the 4,4´-bipy slightly change upon coordination, as do the dihedral angles. In the complex, each Cu(II) ion is complexed by four ligands in a distorted square planar geometry. The distortion is evidenced by the N-Cu-N and O-Cu-O angles, which are each less than 180º (see Table 3 , Figures 4 and 5) .
According to the literature, the interaction of copper(II) acetate with ligands containing nitrogen functional groups results in one of the two following situations: 1) displacement of the water molecules only by the incoming ligand, keeping the dinuclear Cu 2 (CH 3 COO) 4 unit intact, or 2) coordination of each Cu(II) ion to two nitrogen-containing ligands and two monodentate acetate groups, adopting a geometry approaching square planar. Examples of both situations have been reported. The former, where the Cu 2 (CH 3 COO) 4 Based on the literature and the results reported herein, it seems reasonable to suggest that ligands capable of dissociating the Cu 2 (CH 3 COO) 4 unit must contain high charge densities on the coordinating nitrogen of the ligand. DFT structural calculations and the calculation of the atomic charges on thiazole, benzothiazole, 4,4`-bipyridine and imidazole were carried out (see Table 4 ). thiazole benzothiazole 4,4´-bipyridine imidazole Table 4 . DFT calculations of the net charge on the coordinating nitrogen atoms on thiazole, benzothiazole, 4,4`-bipyridine, and imidazole ligands.
Ligand
Net atomic charge 4 unit on account of their higher charge densities on nitrogen (Table 4) .
Smiesko and Remko [18] carried out a study of the lengths of the Zn-N bonds in a series of complexes of zinc and 5-membered heterocyclic ligands. DFT calculations of bond lengths and thermodynamic parameters concluded that particularly short bond lengths were evidenced by the imidazole ligand, due to its unstrained ring geometry and highly delocalized system of π-electrons that act to extend the lone pair on the coordinating nitrogen radially out from the molecule. These results agree with the idea that higher charge density on the coordinating atom leads to stronger interactions with the Cu 2 (CH 3 COO) 4 , causing a separation of the dinuclear complex.
CONCLUSIONS
Based on these results, we conclude that the coordination of 4,4´-bipy to [Cu 2 (CH 3 COO) 4 2H 2 O] produced two notable changes at the Cu 2 (CH 3 COO) 4 unit. These include the dissociation of the dinuclear unit and the coordination of the bidentate ligand to two Cu(II) centers, giving a polymeric complex with monodentate acetate ligands. In this complex, the Cu(II) ions adopt a distorted square planar geometry. It is possible to suggest that the dissociation of the Cu 2 (CH 3 COO) 4 unit is a result of the high charge density on nitrogen atom of the coordinating ligand.
